Candida species are opportunistic yeasts that can be a serious threat for immunocompromised and critically ill patients, and a cause for increased morbidity and mortality in hospitalized patients. The aim of this study was to determine the frequency and distribution of different Candida species in clinical specimens in patients with increased risk for fungal infections, and to determine the antifungal susceptibility profile of invasive Candida species to antifungal agents. During a two year period, clinical specimens from 120 patients divided into 4 groups were analysed at the Institute of microbiology and parasitology, Faculty of Medicine, Skopje, Republic of Macedonia. Each of these 4 groups consisted of specimens from 30 patients, with primary immune deficiency, critically ill patients treated in the intensive care units (ICU), patients with mucosal candidiasis only, and patients with cystic fibrosis. All specimens were investigated with conventional mycological methods. Identification of Candida species was performed with VITEK-2 system (bioMérieux, France). E-test strips of fluconazole, voriconazole, amphotericin B and caspofungin (AB bioMerieux, France) were used for determination of the antifungal susceptibility profile. In this study, a total of 115 isolates of Candida species were confirmed in different clinical specimens (91 isolates from mucosal surfaces and 24 isolates from blood culture). Colonisation of mucosal membranes of gastrointestinal, respiratory and/or urinary tracts was registered in 56.67% (17/30), 56.67% (17/30), 90% (27/30) and 100% (30/30) of the specimens in the first, second, third and fourth group respectively. In all four groups of patients, the following Candida species were confirmed: C. albicans -55%, C. glabrata -17.6%, C. parapsilosis -7.7%, C. tropicalis -6.6%, unidentified Candida species -4.4%, C. dubliniensis -3.3%, C. kefyr -2.2%, and one isolate of C. rugosa, C. pelliculosa and C. krusei each. Positive blood culture was registered in 23.33% specimens from the first group, 43.33% in the second group, 23.08% of the third group, and in one specimen of the fourth group. The most frequent isolates from blood culture were C. tropicalis and C. krusei, followed by C. albicans, C. parapsilosis and C. tropicalis, and in the second group C. albicans and C. pelliculosa were equally distributed, followed by C. parapsilosis and C. glabrata. All invasive isolates of Candida species were susceptible to amphotericin B, voriconazole and caspofungin. Resistance to fluconazole was registered in 8.3% (2/24) of all confirmed Candida species. Dose-dependent susceptibility to fluconazole was confirmed in 46% (11/24) of the isolates. Our study confirms high prevalence of colonisation and candidemia with non-albicans Candida species. Resistance to antifungal agents was registered only in two isolates of C. krusei. An epidemiological study is necessary for surveillance of dynamics of candidemia and antifungal susceptibility profile of invasive isolates of Candida species in our patients.
Introduction
The incidence of fungal infections due to Candida species is dramatically increased in the recent few decades (Ben-Ami et al., 2009; Girmenia et al., 2011) , and is directly associated with increased morbidity and mortality, especially in critically ill patients Zaoutis et al., 2005) . These microbes are responsible for 9-12% of all septicaemias, and are ranked on the fourth position in many studies across USA (Wisplinghoff et al., 2004 ) and on the sixth or seventh position as causes of nosocomial septicaemias in many European studies (Marchetti et al., 2004) . Candida-associated septicaemias frequently develop in intensive care units (ICU), and they are responsible for 33-55% of all septicaemias (Luzzati et al., 2005; Wisplinghoff et al., 2004) . Almirante et al. (2005) have shown an incidence of 4.3/100,000 inhabitants in Spain, and in Iceland, an increase from 4.3 to 5.7 cases on 100,000 population. In an Australian study for nosocomial septicaemias, Candida speciesis ranked on the fourth place (15.5%), and according to Meyer et al. (2013) and Prowle et al. (2011) the incidence of the primary nosocomial candidemia in 682 German ICU centres remained stable during a 5-year period. In a recent study from Italy, a total of 105 episodes of candidemia developed during an 18-month period, with 16.5 cases per 1000 hospital beds (Montagna et al., 2013) . In a big prospective, multicentric study in ICUs in France, fungi were identified in 3.2% of patients with microbiologically documented infections (Quenot et al., 2013) . Candidemia in ICU were associated with significant increase of hospital costs and length of hospital stay (Ben-Ami et al., 2004) . Prolonged stay in ICU, prematurity, broad spectrum antibiotics, prolonged use of corticosteroids, chemotherapy and radiotherapy, intravascular catheters and parenteral nutrition, pronounced immunosuppression and mucous membranes disruption, and HIV/AIDS are among the most prominent predisposing factors for development of invasive fungal infections.
Candida species are among the most frequent etiological agents of invasive fungal infections. Among these, C. albicans has been the main cause of invasive candidiasis. However, during the last two to three decades, an overall increase of candidemias caused by non-albicans Candidas pecies has been registered. In parallel to the increased incidence of invasive candidiasis, the ARTEMIS DISK international program for surveillance of candidemias registers an increase of the incidence of non-albicans Candida species in a 6-years period . C. glabrata, C. tropicalis, C. krusei and C. parapsilosis are the most frequently encountered species (Girmenia et al., 2011; Morgan et al., 2005) . These non-albicans Candida species usually demonstrate lower susceptibility to antifungal agents (polyenes and azoles) which are used in treatment of serious fungal infections (Zaoutis et al., 2005; Wisplinghoff et al., 2004) . This shift in the spectrum is explained with increased prophylactic use of fluconazole from the end of 1980s, which has been widely used for prophylaxis and treatment in immunocompromised patients, which resulted in decrease of overall incidence of invasive mycoses, but increase in incidence of invasive infections with non-albicans Candida species.
The aim of this study was to determine the frequency of different Candida species in clinical specimens, in patients with primary immune deficiency, critically ill patients treated in intensive care units, patients with mucous candidiasis and cystic fibrosis patients, to determine the distribution of different Candida species in each group, and to determine the antifungal susceptibility profile of invasive Candida species towards the most frequently used antifungal agents.
Material and methods

Study design
A prospective diagnostic study was performed at the Institute for microbiology and parasitology, Medical faculty in Skopje, during a 2-years period, from March 2012 until May 2014.
Groups of patients and investigations
In this study, specimens from the mucosal surfaces of gastrointestinal, respiratory and urinary tract (mouth swab, throat swab, sputum, tracheal aspirate, stool, urine), and primarily sterile specimens (BAL, blood) from 120 patients classified in 4 different groups according to the clinical diagnosis and risk factors for invasive candidiasis (group Ipatients with primary immune deficiency, HIV/AIDS, neutropenia, haematological diseases; group II -patients with prolonged hospital stay in ICU receiving combined antibacterial treatment with broad spectrum antibiotics, group III -patients with mucosal candidiasis and group IV -cystic fibrosis patients) using the EORTC/MSG criteria (European organization for research and treatment of cancer/ mycoses study group). The specimens were investigated with conventional mycological methods (Gram stain and culture on special media for fungal growth support). They were inoculated on Sabouraud and chromogenic CALB medium (Oxoid). Blood cultures were analysed using the automated BacT/ALERT system (bioMérieux, France). Identification of Candida species was performed with biochemical analysis with automated computerised VITEK-2 system (bioMérieux, France). E-test strips of fluconazole (0.016 -256 µg/ml), voriconazole (0.002 -32 µg/ml), amphotericin B (0.002 -32 µg/ml) and caspofungin (0.004 -32 µg/ml) (AB bioMerieux, France) were used for determination of antifungal susceptibility profile of the invasive isolates of Candida species. Reference ATCC strains for the quality control of the antifungal susceptibility testing were used: C. albicans ATCC 90028, C. parapsilosis ATCC 22019, C. krusei ATCC 6258. RPMI 1640 (Roswell Park Memorial Institute) (RPG, Remel) medium (150 mm) enriched with 2% glucose and buffered with MOPS buffer (3-(N-morpholino) propanesulfonic acid) were used for antifungal susceptibility testing of susceptibility profile of Candida species with Е-test (Mirchevska, 2011) .
Results
Specimens from 120 patients participated in this study, which were classified in 4 groups: group I (n = 30) -patients with primary immune deficiency (HIV/ADIS, neutropenia, haematological diseases), group II (n = 30) -patients with prolonged hospital stay in ICU receiving combined antibacterial treatment with broad spectrum antibiotics, group III (n = 30) -patients with mucosal candidiasis and group IV (n = 30) -cystic fibrosis patients. Their characteristics in respect to age and gender as well as the number of patients per each group are presented in Table 1 .
According to the gender structure of the participants, men were more frequently identified in groups I, III and IV (60%, 56.67%, 53.33% respectively), and women in the group II (56.67%). The average age of patients with primary immune deficiency was 39.13 ± 21.8 years, 65.63 ± 29.8 for the patients in the second group, 51.91 ± 18.4 in the third group and 16.23 ± 6.4 years in the fourth group (Table 1) .
In Table 2 , distribution of the examined participants in all four groups, according to clinical diagnosis for proven, probable and possible fungal infection, with ЕОRTC/MSG (European organization for research and treatment of cancer/mycoses study group) criteria are presented.
According to these criteria, most frequently, a proven invasive fungal infection was registered in patients with prolonged parenteral broad spectrum antibiotic treatment (56.67%), followed by patients with primary immune deficiency (33.33%), in 3 patients with mucosal candidiasis and only in one patient with cystic fibrosis. Differences in distribution of proven, probable and possible fungal infection were statistically significant between group I versus groups III and IV, and between group II versus groups III and IV.
In cultures from gastrointestinal tract (GIT), urinary tract (UT) and respiratory tract (RT) specimens, colonisation was registered in 56.67% specimens from the first and second group, 90% specimens from the third group, and in all 30 specimens from the fourth group (Table 3) . Differences between the group with primary immune deficiency and prolonged parenteral broad spectrum antibiotic treatment versus groups with mucosal candidiasis and cystic fibrosis patients were statistically significant. Table 4 are presented localizations in the analysed groups, from where Candida species was isolated.
In Table 5 are presented yeast species isolated from colonized surfaces from GIT, RT and UT in all analysed groups of patients.
The total number of isolated yeasts from primarily nonsterile and colonized sites with normal flora was 91 strains. Table 4 . Characteristics of patients according to confirmed colonisation in GIT, RT and UT specimens Total  17  17  27  30  91 From these, C. albicans -55% (50/91) was most frequently isolated species, followed by C. glabrata-17.6% (16/91), C. parapsilosis -7.7% (7/91), C. tropicalis -6.6% (6/91), unidentified C. species-4.4% (4/91), C. dubliniensis-3.3% (3/91), C. kefyr-2.2% (2/91), and one isolate each of C. rugosa, C. pelliculosa and C. krusei. C. albicans, C. glabrata, C. parapsilosis and C. tropicalis accounted for 86.9%
C. dubliniensis.
In Table 6 are presented the yeast species confirmed in blood from all examined patients.
The blood culture analysis showed that in 23.33% specimens in the group I, 43.33% in the group II, 23.08% specimens from the third group and one specimen in the group IV respectively, the blood culture was positive. The statistical analysis confirmed that positive blood culture was significantly less frequent finding in patients with cystic fibrosis, compared to the group of patients with primary immune deficiency (p = 0.023), and patients with prolonged ICU stay and prolonged antibiotic treatment (p = 0.00025). The most frequent isolates from blood culture in the group of patients with primary immune deficiency were C. tropicalis and C. krusei, followed by C. albicans and C. parapsilosis, and in the group of patients with prolonged ICU stay and prolonged antibiotic treatment C. albicans and C. pelliculosa were equally presented, followed by C. parapsilosis and C. glabrata. Antifungal susceptibility testing of invasive isolates was performed with Е-test to four systemic antifungal agents. This method allows determination of MIC breakpoint values of antifungal agents, which catego- from the total isolated yeasts from the sites colonized with normal flora. C. albicans was most frequently isolated from sputum, followed by mouth swab, urine and stool. C. glabrata was most frequently confirmed in urine, followed by sputum and mouth swab. C. parapsilosis was also most often isolated from urine and sputum, followed by mouth swab and skin. C. tropicalis was most frequently isolated from mouth swab, followed by sputum and stool. C. dubliniensis was isolated from mouth swab, sputum and rectal swab. Regarding the specimens, sputum was the most frequent specimen in which yeasts were identified, especially in ICU patients, followed by urine and mouth swab, stool, skin and tracheal aspirate. The most frequent coloniser in the group of patients with primary immune deficiency was C. albicans, followed by C. tropicalis and C. glabrata. In specimens from patients of the second group, C. albicans was again the most frequent coloniser, followed by C. parapsilosis and C. glabrata. In the third group, in patients with mucosal candidiasis, in biopsy specimens from GIT was confirmed C. albicans, followed by C. glabrata. In patients with cystic fibrosis, the most frequent coloniser of the respiratory mucosa was C. albicans, followed by rize yeasts in the following categories: S-susceptible, I-intermediate, S-DD-susceptible dose-dependent, and R-resistant. Table 7 and Fig. 1 present the range of MIC values of amphotericin B for Candida species determined with Е-test, according to the species. On the X axis are presented the minimal inhibitory concentrations (MICs) of the antifungal agents, and the Y axis present the number of isolates of Candida species showing different MICs to the examined antifungal agents. The minimal inhibitory concentrations of amphotericin B against the examined yeasts, determined with E-test was in the range 0.25 -1.0 µg/ml. Inhibition of the growth of 20 (83.3%) isolates was achieved with MIC of amphotericin B of ≤ 0.5 µg/ml. The highest MIC value that was registered among 17% (4/24) isolates of Candida species was 1.0 µg/ml. Table 8 and Fig. 2 present the range of MIC values of fluconazole for Candida species determined with Etest. The minimal inhibitory concentrations of fluconazole towards the examined yeasts, determined with the E-test were in the range 0.5 -≥ 128 µg/ml. The inhibition of the growth of 2 (8.3%), 9 (38%) and 11 (46%) were achieved with MIC values of fluconazole 0.5, < 4 and 16 -32 µg/ ml respectively. The highest MIC registered among 8.3% (2/24) strains of Candida species was ≥ 128 µg/ml. 
. MIC values of fluconazole determined with E-test
(µg/ml). Table 9 and Fig. 3 present the range of MIC values of voriconazole for Candida species determined with E-test. The minimal inhibitory concentrations of voriconazole towards the examined yeasts, determined with the E-test was in range 0.06 -0.5 µg/ml. Inhibition of growth in 15 (63%) isolates were achieved with MIC of voriconazole of 0.125 µg/ml. The highest MIC registered among 25% (6/24) of Candida species was 0.5 µg/ml. Table 10 and Fig. 4 present the range of MIC values of caspofungin for Candida species determined with Etest. The minimal inhibitory concentration of caspofungin towards the examined yeasts, determined with the E-test, was in range 0.064 -0.5 µg/ml. Inhibition of growth in 6 (25%) isolates was achieved with the highest MIC of caspofungin (0.5 µg/ml). (24) MIC ( . MIC values of caspofungin determined with Etest (µg/ml).
In Table 11 are presented all invasive isolates of Candida species from blood culture, classified according to antifungal susceptibility profile (fluconazole, voriconazole, amphotericin B and caspofungin), determined through de-tection of MIC breakpoint values, and further classified into one of the following categories: susceptible (S), susceptible dose-dependent (S-DD) and resistant isolates (R).
Discussion
Candida species are cosmopolitan fungi that cause superficial and invasive diseases in humans (Fisher et al., 2011) . In this study, specimens from patients with increased risk for fungal infections with Candida species were analysed. Specimens from these patients were classified into four groups: group I -patients with primary immune deficiency (HIV/ADIS, neutropenia, haematological diseases), group II -patients with prolonged hospital stay in ICU receiving antibacterial treatment with broad spectrum antibiotics, group III -patients with mucosal candidiasis only, and group IV -cystic fibrosis patients, with the aim to present the distribution and frequency of different Candida species in primarily non-sterile and sterile specimens, to determine the rate of candidemia in all four groups, and to determine the antifungal susceptibility profile of invasive isolates of Candida species towards the most frequently used antifungal agents in clinical practice. A total of 115 isolates of different Candida species were confirmed in different specimens (91 strains of Candida species from primarily non-sterile specimens with normal microflora, and 24 isolates of Candida species from blood) from patients with increased risk for fungal infections. The most frequent colonizer in the group I (with primary immune deficiency) was C. albicans, followed by C. tropicalis and C. glabrata. In specimens of the IInd group (with prolonged stay in ICU and receiving antibacterial treatment with broad spectrum antibiotics), again, the most frequent colonizer was C. albicans, followed by C. parapsilosis and C. glabrata. C. albicans was the most prevalent species in sputum, mouth swab, and urine, followed by C. glabrata, C. tropicalis and C. parapsilosis. C. glabrata was most frequently confirmed in urine, followed by sputum and mouth swab. These results are consistent with literature data which show that C. albicans is still the most frequently isolated yeast from the respiratory tract in patients with primary immune deficiency and patients with prolonged hospital stay in ICU receiving combined antibacterial treatment with broad spectrum antibiotics. C. glabrata is the most frequent cause of candiduria (Fisher et al., 2011; Shin et al., 2010 ). Candiduria is rarely present in healthy individuals, but can be usually seen in hospitalized patients, especially in ICUs, where many predisposing factors contribute to higher rate of colonization with yeasts and increased risk for invasive fungal infections with Candida species. These predisposing factors are structural abnormalities of kidneys, diabetes mellitus, implanted urinary tract catheters, immunosuppression, and prolonged antibacterial treatment with broad spectrum antibiotics (Trofa et al., 2008) . Studies from Brazil have shown that the three most prevalent isolates from urine in hospitalized patients were C. albicans (35.5 -70 %), C. tropicalis (4.6 -52.5 %) and C. glabrata (7 -8.8 %) (Binelli et al., 2006; Furlaneto et al., 2009 ). The study of Shin et al. (Shin et al., 2010) showed a rate of isolation of Candida spp. with 30.1% in sputum, 25.0% in urine, 15.8% in blood and 13.5%in urinary catheter. In our study, the most frequent colonizer of the respiratory mucosa in patients with cystic fibrosis was C. albicans (57%), followed by C. dubliniensis (6.7%), C. glabrata (6.7%), C. parapsilosis (6.7%), C. kefyr (6.7%), and one isolate each of C. tropicalis, C. krusei, C. rugosa and C. pelliculosa. Except yeasts, in specimens from the respiratory tract of our patients with cystic fibrosis, bacterial isolates were also detected, most often P. aeruginosa (30%), MRSA (13.3%), S. maltophilia (6.7%), and 3.3% each of H. influenzae, Flavobacterium species and Burkholderia cepacia. In the study of Noni et al. (2011) in 54 patients out of the total 121 investigated participants in the study (44.6%), a chronic colonization with Candida species was registered (Noni et , 2015) . According to Noni et al. (2011) chronic colonization with C. albicans probably was associated with the duration of inhaled antibiotic treatment. Only one patient in our study had candidemia, and presented with positive blood culture with C. albicans. The highest number of cases with candidemia in our study, in the I st group, were caused by C. tropicalis and C. krusei, followed by C. albicans, C. parapsilosis and C. tropicalis, in the II nd group, C. albicans and C. pelliculosa were equally present, and were followed by C. parapsilosis and C. glabrata. In the III rd group, 3 cases of candidemia were confirmed with positive blood cultures (one case with C. albicans, C. glabrata in 2 cases). Although C. albicans is still considered the most frequent etiological agent of candidemia, in the recent few decades, a significant increase of candidemia cases caused by other, nonalbicans Candida species (13) has been registered, and they are usually less susceptible to antifungal drugs. Data from the registry for candidemia in USA present the distribution of species: C. albicans (42%), C. glabrata (27%), C. parapsilosis (16%), C. tropicalis (9%), C. krusei (3%), with non-albicans Candida species that account for 58% from the total percentage of all candidemias. In studies in Europe, 49-53% of candidemias were caused by C. albicans, followed by C. parapsilosis (11-21%), C. glabrata (10-12%), C. tropicalis (6-11%), C. krusei (1-9%) and some other species, like C. dubliniensis, C. guilliermondii, C. kefyr, C. lusitaniae and C. rugosa (1-10%) (Bassetti et al., 2006; Marchetti et al., 2004; Tortorano et al., 2004; Luzzati et al., 2000) .
The biochemical identification and differentiation of invasive isolates of Candida species and their antifungal susceptibility testing is very important due to the rising numbers of immunocompromised patients across the globe (Arendrup, 2013) . The information about the MIC values of different antifungal agents for each invasive isolate from blood and other primarily sterile specimens is of a great importance for treatment of invasive fungal infections caused by Candida species (Cuenca- Estrella et al., 2010) . In general, identification of species could predict the antifungal susceptibility profile to antifungal agents. It is well known that C. albicans and C. parapsilosis are usually susceptible to all systemic antifungal agents; C. glabrata is susceptible or susceptible dose-dependent (S-DD) to fluconazole, while C. krusei is considered inherently resistant to fluconazole. The latest issues of IDSA therapeutic guidelines (Pappas et al., 2016) suggest that antifungal susceptibility testing is desirable, especially for C. albicans, to fluconazole, in patients with persistent candidemia or disseminated infection. In non-albicans Candida species, like C. glabrata, C. krusei or C. parapsilosis in patients with invasive infection, antifungal susceptibility testing to systemic antifungal agents is very useful, especially in patients who were previously treated with azoles. Based on literature data and clinical experience, C. albicans and C. parapsilosis are considered susceptible to amphotericin B , although there are some reports that describe development of resistance in some strains (Almirante et al., 2005) . In our study, all isolates of C. albicans were susceptible to amphotericin B. C. glabrata is considered susceptible dose-dependent (S-DD), and this is applicable for both fluconazole and amphotericin B, although, in our study, all isolates of C. glabrata were susceptible to amphotericin B (Panackal et al., 2006) . C. krusei is considered susceptible to amphotericin B, although few studies have published data for resistant strains. Susceptibility to amphotericin B in our study was registered in all isolates, both in C. krusei and all other non-albicans Candida species. The results from our study have shown that 8.3% of all isolates of Candida species demonstrated resistance to fluconazole (2 isolates of C. krusei). Since C. krusei is considered as inherently resistant to fluconazole, its MIC values should not be interpreted with the breakpoint values established by the CLSI (Pappas et al., 2016) . In 46% of our isolates of C. albicans, C. glabrata, C. tropicalis and C. pelliculosa, higher MIC values to fluconazole were registered; they were all susceptible dose-dependent (S-DD). Lower susceptibility to fluconazole was shown in the study of Barchiesi et al. (2005) . Similar data are demonstrated in the study of , in which C. tropicalis have demonstrated moderate degree of resistance to fluconazole. Increased resistance to fluconazole among isolates of C. tropicalis is described in the study of Tortorano et al. (2004) . Previous studies from South America have shown low rate of antifungal resistance. Godoy et al. (Godoy et al., 2003) found that most isolates of Candida species are susceptible to all antifungal agents. In a Brazilian study with 200 cases of candidemia, despite the high rate of infections caused by non-albicans Candida species (60%, most often C. tropicalis and C. parapsilosis), a resistance towards azoles was found only in 1.5% of the isolates. In the same study, 2 isolates of C. krusei and 11% isolates of C. glabrata have been resistant to fluconazole. The SENTRY study has shown a lower resistance towards azoles, in specimens from Canada and South America, compared to specimens from USA (Pfaller et al., 2011) . Less frequent use of fluconazole probably explains the lower rate of resistance towards azoles in these studies. In our study, all invasive isolates of Candida species have shown susceptibility to voriconazole and caspofungin. In the study of Dagi et al. (2016) , all isolates of Candida species were sensitive to voriconazole and caspofungin, three isolates of C. kefyr were resistant to amphotericin B, and only one isolate of C. glabrata was resistant to fluconazole. Increased incidence in candidemia caused by non-albicans Candida species could have important implications for prevention, treatment and outcome from these life-threatening conditions, in critically ill patients, and therefore, early detection of fungal pathogens is of a crucial importance. Our study confirms the findings from previous studies which demonstrate high prevalence of candidemia with non-albicans Candida species.
Resistance towards fluconazole was found in 33.3% isolates of Candida species. Resistant isolates to amphotericin B, voriconazole and caspofungin were not confirmed in our study. In conclusion, it is necessary to provide continuous epidemiological surveillance in order to follow the dynamics of candidemia in our patients. Since the response to antifungal treatment and positive clinical outcome from invasive infections with Candida species depends on early etiological diagnosis and prompt antifungal agent, it is also important to determine the colonization rate with Candida species, especially in patients with increased risk for development of invasive infections. In vitro antifungal susceptibility testing of invasive isolates of Candida species to antifungal agents should be always performed, in order to make the best choice for an efficient antifungal treatment, and for surveillance of antifungal resistance.
